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DEVELOPMENT OF SPRING WHEAT SOURCE MATERIAL BY CROSSING SPECIES
TRITICUM AESTIVUM L.xTRITICUM DURUM DESF.

L. V. lvantsova, M. V. Fedorenko
The V. M. Remeslo Myronivka Institute of Wheat NAAS, Tsentralne village, Obukhiv district, Kyiv region, 08853, Ukraine

Topicality. Modern plant breeding involves many factors, among which the source material holds the
first place. The experience of global and domestic breeding shows the importance of using genetic sources
from around the world to develop new wheat varieties meeting the requirements of modern agricultural pro-
duction. Purpose. To develop a new spring wheat source material by crossing samples of Triticum aestivum L. x
Triticum durum Desf. of domestic and foreign selection. Materials and Methods. The research was carried
out at the V.M. Remeslo Myronivka Institute of Wheat NAAS of Ukraine. The parental forms for hybridisa-
tion were MIP Vesnianka variety and Erythrospermum 15-36 line of spring wheat, and MIP Kseniia variety
of durum wheat of domestic selection and Triso variety of spring wheat of foreign selection. In the heading
stage, florets were castrated in the usual way 2-3 days before flowering. Pollination was carried out by a
limited forced method in the morning, mainly on 3-5 days after castration. Twelve cross combinations were
developed. Threshing of wheat spikes was carried out manually. Results. It was found that the efficiency of
spring wheat grain setting during crossing depended not only on the environmental conditions during polli-
nation, but also on the genotypic diversity of the crossing components. The average grain-setting percentage
varied from 0 to 56.2%, depending on the source forms and growing conditions of the plants. The average
grain-setting percentage was 16.0 % in 2022 and 17.1 % in 2023. In 2022, this indicator varied from a min-
imum of 1.0 % to a maximum of 43.7 %, and this indicator varied from 1.9 % to 56.2 % in 2023.
Conclusions. It was found that the of grain-setting percentage in spring wheat hybrids was significantly
higher when crossing varieties and line Triticum aestivum L. x Triticum aestivum L. compared to Triticum
aestivum L. x Triticum durum Desf. and Triticum durum Desf. x Triticum aestivum L., regardless of the
crossing groups. The highest indicators of grain setting were observed in the group of paternal and maternal
components in crosses of varieties and line of domestic selection. It was found that the effectiveness of cros-
sing, i.e. the percentage of grain setting in the field conditions, depended on the genetic characteristics of the
variety and the growing conditions of spring wheat plants.
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Introduction. Hybridisation is the main
justified and effective method of developing
source material for spring wheat breeding and
the main source of wheat genetic diversity [1].
The advisability of using interspecific hybridisa-
tion in wheat breeding has been proved by the
development of varieties and promising forms
of this crop with valuable breeding traits. In
addition, intraspecific diversity in many crops,
including wheat, is practically exhausted for a
number of traits useful for breeding, and the
genetic pool of varieties commonly used in crop
production has become highly related; therefore,
new genetic sources of breeding traits, in parti-
cular from related crop species and genera, are
becoming relevant for improving the develop-
ment process [2]. For this reason, the develop-
ment of high-yielding varieties requires taking
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into account the inheritance of traits and proper-
ties under certain developmental conditions in
order to predict the final results of hybridisation
[3]. Until now, the main achievements in plant
breeding have been related to the ability of the
breeder to select the best genotypes based on a
combination of morphological and physiologi-
cal traits [4].

Optimising the breeding strategy requires
having databases of quantitative traits of crops.
Modelling methods for varieties and the bree-
ding process should be based on knowledge of
the genetics of quantitative traits. M. 1. Vavilov
pointed out the rich generic potential of wheat
and the importance of clear differentiation into
species and ecological and geographical groups
and their appropriate application in plant bree-
ding [5].
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Two cultivated wheat species are wide-
spread: soft and durum wheat; other cultivated
and wild species with limited distribution and
closely related species (Aegilops and couch
grass) are stored in special collections of genetic
material and used in plant breeding as donors of
certain valuable traits [6]. Interspecific and in-
tergeneric crosses are essential elements of
breeding work that are widely used in breeding
for productivity [7].

The most common method is the in-
volvement of ecologically and geographically
distant plant forms in hybridisation. The deve-
lopment of spring wheat varieties through hyb-
ridisation begins with the selection of parental
components for a set of valuable economic
traits. Components for crossing (Triticum aes-
tivum L. and Triticum durum Desf.) should be
selected according to the ecological and geo-
graphical principle and with consideration of the
adaptive capacity of the variety, trait parameters
and the availability of valuable genetic compo-
nents [8, 9]. However, it is generally recognised
that one of the parental components of the
crossing should be varieties or lines that are
well adapted to local soil and climatic condi-
tions [10-13].

The research was aimed at developing a
new source material of spring wheat by crossing
different species Triticum aestivum L. x Triticum
durum Desf. of domestic and foreign selection.

Materials and Methods. The research
was conducted at the V.M. Remeslo Myronivka
Institute of Wheat of NAAS of Ukraine (MIP)
in 2022-2023. The varieties for crossing were
selected among the species Triticum aestivum L.
and Triticum durum Desf. For hybridisation,
spring wheat genotypes with high potential for
productivity and adaptability to local conditions
were selected, considering the indicators of
yield attributes, grain quality, drought tolerance
and resistance to pathogens. The parental forms
for hybridisation were the soft spring wheat
variety MIP Vesnianka, the Erythrospermum
15-36 line, the durum spring wheat variety MIP
Kseniia of domestic selection and the soft spring
wheat variety Triso of foreign selection [14-16].
In the heading stage, florets were castrated in
the usual way 2—-3 days before flowering. Polli-
nation was carried out in a limited forced me-
thod in the morning, mainly on 3-5 days after
castration [17]. There were 12 cross combina-
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tions (Triticum aestivum L. x Triticum aestivum L.,
Triticum aestivum L. x Triticum durum Desf.,
Triticum durum Desf. x Triticum aestivum L.).
Hybrid spikes were threshed manually.

Results and Discussion. The weather con-
ditions during the research in 2022-2023 differed
from the long-term averages in terms of tempera-
ture, precipitation and their distribution during
certain periods of plant growth and development
of spring wheat (Table 1). It should be noted that
the weather conditions in 2022 were favourable
for the spring wheat growth and development,
but were accompanied by uneven distribution of
precipitation and temperature. The early and
cool spring was accompanied by an average
daily temperature of + 7.8 °C between sowing
and seedling stage, which was 0.7 °C higher
than the long-term average. From seedlings to
stem elongation, the average daily temperature
was recorded at +11.2 °C, which was 1.3 °C
lower than the long-term average with frequent
precipitation (72.1 mm), compared to the long-
term average (58.0 mm). Plants vegetated from
stem elongation to heading stage at an air tem-
perature of + 18.0 °C, which was 1.6 °C higher
than the long-term average, while precipitation
was only 13.0 mm, which was 35 mm lower
than the long-term average. During the heading —
full ripeness period, the air temperature was
+20.4 °C, which was 0.8 °C higher than the
long-term average. Precipitation was 92.8 mm
(35.2 mm less than the long-term average). In
the different periods of spring wheat ontogeny,
we observed different hydrothermal regimes:
the sowing — seedlings period was accompanied
by excessive moisture (HTC = 3.02); the seed-
lings — heading period had optimal moisture
(HTC = 1.35); drought was observed in stem
elongation — heading and heading — full ripeness
periods, where HTC was 0.66 and 0.97, respec-
tively. In 2023, plants vegetated from sowing to
seedlings stage under an average daily air tem-
perature of + 8.3 °C, which was 1.2 °C higher
than the long-term average and was accompa-
nied by excessive moisture (54.6 mm) compared
to the long-term average (37.0 mm). From seed-
lings to heading stage, the average daily tem-
perature was within the long-term average and
amounted to + 12.5 °C.

From stem elongation to heading, the air-
temperature was at + 18.2 °C, which is 1.8 °C
higher than the long-term average, and precipi-
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Table 1. Hydrothermal conditions during growing season of spring wheat plants, 2022-2023

Development period Parameter 2022 2023 Long-term
average
Sowing date 24.03 23.03 —
Seedling date 10.04 10.04 -
Duration, days 18 19 -
Sowing — seedlings stage > of precipitation, mm 42.8 54.6 37.0
>t (act.), °C 141.8 157.5 156.5
Mean t, °C 7.8 8.3 7.1
HTC 3.02 3.47 2.36
Seedling date 10.04 10.04 -
Stem elongation date 25.05 24.05 -
Seedlings — stem elongation Durat.lo.n, qlays 46 45 .
stage > of precipitation, mm 72.1 57.4 58.0
>t (act.), °C 533.0 617.6 397.6
Mean t, °C 11.2 12.5 12.5
HTC 1.35 0.86 1.46
Stem elongation date 25.05 24.05 -
Heading date 04.06 07.06 -
. . Duration, days 11 15 -
Stem eIong:[g;)Q — heading > of precipitation, mm 13.0 19.9 48.0
>t (act.), °C 195.6 272.5 259.3
Mean t, °C 18.0 18.2 16.4
HTC 0.66 0.73 1.85
Heading date 04.06 07.06 -
Full ripening date 20.07 25.07 -
Duration, days 47 49 -
Heading— full ripening stage > of precipitation, mm 92.8 199.2 128.0
>t (act.), °C 957.6 1010.9 765.8
Mean t, °C 20.4 20.6 19.6
HTC 0.97 1.97 1.67
>t (act.), °C during the active growing season 1828.0 2058.5 1579.2
Duration of active growing season, days 104 109 -
Growing season, days 119 128 -
HTC 1.21 1.34 1.72

tation was only 19.9 mm, which is 2.4 times
lower than the long-term average (48.0 mm).
During the heading — full ripeness period, the air
temperature was +20.6 °C, which is 1.0 °C
higher than the long-term average, and precipi-
tation was 199.2 mm, which is 1.5 times higher
than the long-term average (128.0 mm).
According to the data obtained, the hydro-
thermal coefficient was 1.34, which correspon-
ded to the optimal level of moisture. In some
periods, the following picture was observed: the
periods from sowing to seedlings and from
heading to full ripeness were characterised by
excessive moisture (HTC = 3.47 and 1.97, res-
pectively), the periods from seedlings to stem
elongation and from stem elongation to heading
were characterised by dry conditions with HTC
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of 0.86 and 0.73, respectively.

Varieties and lines of domestic and fo-
reign breeding were selected for hybridisation.
Parental components and cross combinations
were grouped into three groups: | (MIP/MIP), 11
(MIP/F), Il (F/IMIP) (Table 2).

The ecological and geographical principle
of selecting parental pairs for crossing is based
on the fact that the greater distance between
parental forms results in their greater genetic
difference. Thus, a large number of cross com-
binations in populations and transgressive forms
are ensured [18-20], as well as the combination
of desirable traits and properties of different
ecotypes in a new variety [21]. The variation
ofgrain setting index according to the type of
crosses (Triticum aestivum L. and Triticum durum
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Table 2. Distribution of cross combinations by groups and types of crosses

Group Origin Type of cross Cross combinations
Triticum aestivum L. x Erythrospermum 15—-36 x MIP Vesnianka
Triticum aestivum L. MIP Vesnianka X Erythrospermum 15—36
| MIP* / MIP Tri'Figum aestivum L. x MIP Vesnianka x MIP Kseniia
Triticum durum Desf. Erythrospermum 15-36 x MIP Kseniia
Triticum durum Desf. x MIP Kseniia X MIP Vesnianka
Triticum aestivum L. MIP Kseniia x Erythrospermum 15—36
Triticum aestivum L. x Erythrospermum 15-36 x Triso
I MIP | F** Triticum aestivum L. MIP Vesnianka X Triso
Triticum durum Desf. x MIP Kseniia x Triso
Triticum aestivum L.
Triticum aestivum L. x Triso x Erythrospermum 15—-36
i E/ MIP T_ri_ticum aes_tivum L. Triso x MIP Vesnianka
Triticum aestivum L. % Triso x MIP Kseniia
Triticum durum Desf.

Note. MIP* — domestic variety/line (the V. M. Remeslo Myronivka Institute of Wheat NAAS);
F** — foreign variety.

Desf.) was revealed. The results of the research  ronmental conditions during pollination, but
showed that the efficiency of hybrid seed setting also on the genotypic diversity of the crossing
of spring wheat depended not only on the envi- components (Table 3).

Table 3. Characteristics of cross combinations by the average percentage
of hybrid seed setting (%) in soft and durum spring wheat, 20222023

.. L. Hybrid seed setting, %
Group Origin Type/combination of crosses
2022 2023
Triticum aestivum L. / Triticum aestivum L.
Erythrospermum 15—36 / MIP Vesnianka 43.7 41.4
MIP Vesnianka / Erythrospermum 15—36 36.0 56.2
Triticum aestivum L. / Triticum durum Dest.
MIP* / MIP MIP Vesnianka / MIP Kseniia 16.8 7.7
Erythrospermum 15—36 / MIP Kseniia 1.0 4.1
Triticum durum Dest. / Triticum aestivum L.
MIP Kseniia / MIP Vesnianka 9.8 2.3
MIP Kseniia / Erythrospermum 15—36 9.3 0
Triticum aestivum L./ Triticum aestivum L.
Erythrospermum 15—36 / Triso 17.2 14.6
1 MIP [ F** MIP Vesnianka / Triso 13.4 30.7
Triticum durum Dest. / Triticum aestivum L.
MIP Kseniia / Triso 0 1.9
Triticum aestivum L. / Triticum aestivum L.
Triso / Erythrospermum 15—36 29.3 17.6
Il F / MIP Triso / MIP Vesnianka 1.0 6.8
Triticum aestivum L. / Triticum durum Desf.
Triso / MIP Kseniia 144 22.3
Seed setting average 16.0 17.1

Note. MIP*— domestic variety/line (the V. M. Remeslo Myronivka Institute of Wheat NAAS); F** —foreign variety.
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The percentage of seed setting in hybrids
was low and varied both by years and by types
of crosses. Depending on the original forms, the
average percentage of seed setting ranged from
0 to 56.2 % and depended on the growing con-
ditions of the plants during the studied years.
The average seed setting was 16.0 % in 2022
and 17.1 % in 2023. In 2022, this indicator va-
ried from a minimum of 1.0 % in the hybrid
combination Triso x MIP Vesnianka (Triticum
aestivum L. x Triticum aestivum L., F/MIP) and
Erythrospermum 15-36 x MIP Kseniia (Triticum
aestivum L. x Triticum durum Desf., MIP/MIP)
to a maximum of 43.7 % — Erythrospermum 15—
36 x MIP Vesnianka (Triticum aestivum L. x Tri-
ticum aestivum L., MIP/MIP). In 2023, the per-
centage of seed setting varied from 1.9 % in the
hybrid combination of MIP Kseniia x Triso
(Triticum durum Desf. x Triticum aestivum L.,
MIP/F) to 56.2 % in the combination of MIP
Vesnianka x Erythrospermum 15-36 (Triticum
aestivum L. x Triticum aestivum L., MIP/MIP).
It should also be noted that seed setting did not
occur in the cross combinations MIP Kseniia x
Triso (Triticum durum Desf. x Triticum aes-
tivum L., MIP/F) (2022) and MIP Ksenia x
Erythrospermum 15-36 (Triticum durum Desf. x
Triticum aestivum L., MIP/MIP) (2023).

It should be noted that the lowest seed set-
ting indices (0 % and 1.9 %) were observed in
the 1l group of crossing, where the durum spring
wheat variety MIP Kseniia of domestic selec-
tion was used as the maternal form, and the soft
wheat variety Triso of foreign selection was
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Muponiecokuii incmumym nwenuyi iveni B. M. Pemecna HAAH, c. Llenmpanvue, Obyxiscokuii p-n, Kuisecvrka o6i.,
08853, Vkpaina

AkTyajbHicTh. CydyacHa celieKilis BKIIouae B cede 0araTo (hakTopis, cepell AKUX Mpo0sieMa BUXIIHO-
ro Marepiajly BUHOCUThCS Ha mepiie Micie. JJocBia cBiTOBOI Ta BITUM3HSAHOI CEEKIlil MOKa3ye, HACKIIbKU
BO)XJIMBOIO € HEOOXIHICTh BUKOPHCTAHHS T€HETUYHUX JDKEpell 3 PI3HUX KpaiH CBITY Ul CTBOPEHHS HOBHX
COPTIB MIIEHHUIN, SIKi BiAMOBIAAIOTH BUMOTAM CYYacHOTO CLIBCHKOTOCIONAPCHKOrO BHpOOHUIITBA. Meta.
CTBOpUTH HOBHIA BUXIJIHUI MaTepiasl MIICHHUIIl POl MpH cXpellyBaHHi 3pa3kiB BuiB Triticum aestivum L. X
Triticum durum Desf. BiTunsnsnoi i 3apy6ikHoi cenexiiii. MaTepianu i MeToau. J{ocimiPKEHHST IPOBOIAIN
y Muposniscbkomy iHcTUTYTi mennni imeni B. M. Pemecia HAAH Ykpainu. batskiBcbkumu popmamu aist
ribpuausarii ciyryBanu copT muieHut M skoi sipoi MIIT Becusinka 1 minist Epurpocniepmym 15-36, 1 copt
tBepaoi spoi mmenuni MIIT Kceris BITYM3HSHOI CeJeKIii Ta COPT MIIeHHI M’ Kol spoi Triso 3apyOikHOT
cenekii. Y ¢a3i KOIOCIHHS MPOBOMIN KaCTPaIlilo KBITOK 3BHUYAitHUM criocoOoMm 3a 2—3 1o0u A0 NBITiHHS.
3anuieHHs 311HCHIOBaIM 00MEXXEHO-TIPUMYCOBUM CIIOCOOOM Y PaHKOBI 4acH, NepeBakHO Ha 3—5 no0y micis
kactpaiiii. CtBopeHo 12 riopuanux komOiHaiii. OOMOJIOT TiIOpHIHUX KOJIOCIB MPOBOIAMIN Bpy4HY. Pe3ynb-
TaTH. BerasieHo, mo eekTrBHICTE 3aB’I3yBaHHS TIOPUIHUX 3€PEH IMIIEHHUIII APOT 3ayiekarna He TIIbKHU BiJl
YMOB 30BHILIHBOTO CEPENIOBHIIA il Yac 3alMJICHHS, a W BiJ T€HOTHUIIOBOIO Pi3HOMAHITTS KOMIIOHEHTIB
CXpellyBaHHs. 3aJeXHO Bl BUXiTHUX (GOpM cepellHiil BiICOTOK 3aB’si3yBaHHs 3epeH 3MiHIoBaBcs Bij 0 10
56,2 % 1 3anexaB Big ymoB Bererailii pociaud. Cepens 3aB’si3yBaHicTh y 2022 p. cranomia 16,0 %, a y
2023 p. — 17,1 %. [dannit mokaznuk y 2022 p. 3MiHIOBaBcs BiJ MiHiManbHOro 1,0 % 10 MakcMManbHOTO —
43,7 %, a 'y 2023 p. Bapirosas Biz 1,9 % 10 56,2 %. BucHoBku. BecTaHOBIICHO, 1110 BiJICOTOK 3aB’sI3yBaHHS 3€peH
y TiOpHU/IiB MIIEHHII PO BUSIBUBCS 3HAYHO BUIIUM MPHU CXpelyBaHHI copTiB Ta JiiHil Triticum aestivum L. x
Triticum aestivum L. mopiBastHo — Triticum aestivum L. x Triticum durum Desf. ta Triticum durum Desf. x
Triticum aestivum L. He3anexHO Bi rpyn cXpelryBaHb. BiaMiueHo, 1110 HaiiBHII TOKA3HUKH 3aB’I3yBaHOCTI
3epeH CIIOCTEpIraju y TpyId CXpellyBaHb, J¢ 32 OaThbKIBCbKHMH 1 MaTEPUHCHKHI KOMIIOHEHT BHKOPHCTO-
BYBaJI COPTH Ta JIiHIIO BITYM3HAHOI cenekuii. BusBieHo, mo eQeKTUBHICTh CXpellyBaHHs, TOOTO BiZICOTOK
3aB’sI3yBaHHs Y TIOJIbOBHX YMOBAX, 3aJI€KaB Bijl FTEeHETUYHHUX OCOOJIMBOCTEH COPTY Ta YMOB Bereralii pocinH
TMIICHHMIII SPOi.
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